Hydrogen is probably the most important of all elements, both for its abundance in the universe and for its theoretical interest1). It is the only stable neutral two-body system, and its energy levels can be calculated with accuracy far higher than for any other element (currently of the order of 10-11 cm-1). In addition, atomic hydrogen possesses a rich spectrum of resonances ranging from the radio to the ultraviolet frequency. Thus, serving as a fertile ground for experimentalists.
Several of its absorption frequencies are particularly sharp, and thus very suitable for metrology. For these reasons, hydrogen has played a central role in the development of modern physics. With hydrogen, one could, by performing measurements of its energy level separations, make precise tests of current theories.
The understanding of how hydrogen interacts with different materials is also of broad interest. From a technological point-of-view2-4), the interactions of hydrogen with solids are influential in a number of industrial processes and, in energy and power
systems. An outstanding technological problem concerns the degradation in the mechanical, electrical, and magnetic properties of these materials upon interaction with hydrogen5,6). From an environmental point-of-view, hydrogen has also been attracting a lot of attention, esp., with recent growing concern for the environment. this contribution, we will pay particular attention to the inherent feature of H2(D2)-solid surface reactions (and, in general, any reaction) to be strongly orientation-dependentm. The orientation of a molecule") during its interaction with the surface determines the ground-state energy of the molecule-surface electron system, which, in turn, serves as the effective /relevant potential energy (hyper-) surface (PES) that determines the dynamics of the molecule-surface reaction. One consequence of this strong orientation dependence is the concept of steeringm. Steering, pertains to the dynamical reorientation of the impinging molecule, with respect to the surface components, in an attempt to follow the path of least resistance, i.e., to assume an orientation with the least potential. We could also say that this pertains to the capability of the orientation-sensitive PES to reorient the molecule from an initially unfavorable orientation to a favorable one, or vice-versa. By taking into account steering (which allows for the dynamical reorientationm of the impinging H2(D2) to a more favorable orientation, thus enabling it to undergo some desired reaction, e.g., dissociation on Cu(111)), one could explain the non-monotonic initial rotational state dependence of the H2(D2) dissociation dynamics on solid surfaces (e.g., Cu(111))10,12-18). It has been shown that steering is a general feature/concept that is present regardless of whether the system is activated or not19). Its efficacy, however, strongly depends on the translational energy of the impinging H2(D2) 20, 21) . It was demonstrated later on how the concept of steering could also explain the non-monotonic initial translational energy dependence of H2 dissociation on Pd(100)22). Another feature of the H2(D2)-solid surface reaction, which can also be inferred from its inherently strong dependence on the H2(D2) orientation, is the possibility of dynamically filtering23-25) H2(D2), so that we get rotating H2(D2) whose rotational axes are at particular orientations with respect to the surface. Thus, in principle, it would be possible to prepare H2(D2) such that we can have a beam of molecules all doing helicopterlike or cartwheel-like rotations.
From the discussions above, one could immediately infer that H2(D2) is very sensitive to even the slightest variations in the local properties of the surface. To verify this, we have recently investigated26,27) the interaction of H2 with two different alloy surfaces, viz., Cu3Pt(111) (which was observed to have no barrier for the dissociative adsorption of H228,29))and NiA1(110) (which was observed to have an H2 dissociative adsorption barrier"531)). In particular, we considered the dynamics of H2 scattering along Cu3Pt (111) Cu3Pt(111) (where experimentally there was no barrier observed for the dissociative adsorption of H228,29)) and on NiAl(110) (where experimentally an H2 dissociative adsorption barrier was observed30,31)). Based on calculation results presented here, we conclude that because of the inherently strong dependence of hydrogen-solid surface interactions on the H-H orientation (with respect to the surface), hydrogen was able to distinguish not only the difference between various components on the surface, but also how the components are distributed. These discernible (by hydrogen) differences turn up as measurable/observable strong dependence of the corresponding dissociative adsorption/sticking probability vs. incidence translational energy (S vs. Et) profile on the angle of incidence of the impinging H2. With further, more detailed investigation, we could, from these information, infer the salient features of the effective potential energy (hyper-) surface (PES) relevant to the reaction (e.g., the relative extent of activated and non-activated regions/sites on surfaces, etc.). Thus, it would not be long before we could actually utilize H2 (D2) as probes to study adsorbate-surface interaction (local /site-specific surface reactivity), surface structures, and the effective potential energy (hyper-) surface relevant to the reaction considered. 
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